Engineering faculty members are increasingly looking at the pros and cons of the number of research communication tools that are available but are overwhelmed by the variety and lack of evidence that the tools will have a positive influence on research impact, promotion, and tenure. Engineering faculty are drawn to altmetrics for a more complete picture of real world impact while simultaneously dubious of the validity of these emerging measures. This paper reviews the literature on altmetric tools, identifies the existing tools, as well as pros and cons of using those tools. The author investigates how the tools can be used to create an outreach service for faculty members in engineering that supports disciplinary faculty to strategically design an online presence for research impact.
Introduction
Where researchers have looked to traditional journal based metrics in the past as an indication of the impact of their scholarly work, increasingly print presents limited information about the much more dynamic environments of internet based communication platforms such as Twitter, networking sites such as LinkedIn and ResearchGate, or even aggregators such as Google Scholar. 1 In the past ten years researchers have had alternative means to publicize their research using social media and other web based tools. A category of tools that measure impacts and statistics of usage and viewing based on the Social Web are referred to as altmetrics. 2 Altmetrics present an alternative to journal based metrics such as impact factor, Eigenvalues, and other print based algorithms or measures. 3 The basic functions of online scientific communication via the social web include collaboration, searching for relevant content, documenting original materials, promoting one's work, building peer networks, extracting and organizing information, and conducting peer reviews. 4, 5 Scientific and professional communication online supports diversity in the sciences and engineering. It provides a platform for role models from diverse backgrounds to connect with new scientists and engineers. 6 Online scientific communication also allows individuals in specialized areas dispersed over a wide geographic area to easily communicate as a discipline in a designated virtual environment. 4 It gives a venue for identifying and/or purchasing parts, information on user opinions or demographic information, and competitor information. 7 Social media can also enable geographically dispersed design teams to complete projects using asynchronous and synchronous communication. 8 Taking advantage of these functions requires scientists and engineers to communicate strategically. The variety of social web tools available each offer different functions and utilities. 4 Similarly, different altmetric tools measure the impact of different social web tools. Just as liaison librarians presented faculty members with journal based metrics and helped them to frame their impact for promotion and tenure cases, liaisons can also assist professors to understand the emerging social web and available article level altmetrics to strategically choose how to disseminate their scholarly work in a way designed to maximize impact within the social network landscape. This article focuses on the information necessary for a librarian to successfully create this outreach.
Review of Literature
Altmetrics emerged out of a recognized need for a new way to represent research impact, including all discussions of an article. 9 It was evident as early as 2005 that citations to scholarly information in print and on the web were not equivalent. 10 Early work wrestled with the distinctions between terminology (netometrics vs. webometrics), between links to articles versus web based citations, and to identify the units of analysis that would be included in the emerging field. 11 In 2010, Priem, Taborelli, Groth and Neylon issued a seminal document in the development of altmetrics. Referred to as the Manifesto, the document called for a new way to sort through the scholarly literature on the web and prioritize that literature that would be worthy of limited time and attention. Altmetrics were proposed as the new alternative to traditional methods because they allow crowd-sourced peer review and a much quicker time to the beginning of public comment on scholarship. 2 With Web 2.0, the emerging field of altmetrics integrated the new social media landscape into the fields that sought to quantify scientific impact on the web. Emerging social media platforms presented an alternative to traditional biblometrics with a major advantage, that of a much quicker impact measure. 12 This boosted current awareness efforts by enabling researchers to identify influential articles shortly after publication, rather than months or years after publication (as in the case of journal article citations.) Additionally, altmetrics provided an advantage in that they allowed faculty members to identify impact in the increasingly interdisciplinary academic environment that emerged along with the advent of social media enabled communications. 13 This broke down the siloed nature of academic publishing and allowed faculty members to identify both their impact outside their discipline and potential collaborators for interdisciplinary research (highly valuable information that is difficult to locate in other ways). Altmetrics also provided researchers a way to demonstrate to granting agencies that their projects are achieving broad reach to the general public, something that is increasingly mandated in calls for proposal. 14 Altmetrics measure a variety of different interactions with content. Those interactions may include somewhat passive interactions, such as a page view, a like on Facebook or a favorite on Twitter. The interaction may require more critical thinking and evidence of engagement with the materials, as in the case of comments on a publisher website (PLOS encourages post publication peer review on online forums on the publisher's website) or taking notes on a citation in Mendeley. There is also a middle ground, in which an information consumer "adopts" information in some way as their own. Connotea, CiteULike, GitHub Forks, Shares on YouTube or Facebook and requests for papers on ResearchGate or Academia.edu occupy this space.
Because altmetrics is a relatively new area of bibliometrics, there is a rapidly growing literature expressing concern around the validity of these measures. Research continues to determine which metrics hold the most promise for long term validity. As of 2013, "tweets, Facebook posts, research highlights, blog mentions, mainstream media mentions, and forum posts associate with citation counts." 16 [Italics are author's addition for emphasis.] There have been initial investigations done into the validity of altmetrics across a wide array of disciplines with indications that Mendeley is the most consistently correlative source of altmetrics data compared to Twitter, Wikipedia and Delicious. 17 This has been shown across a cluster of papers and is becoming commonly accepted. 18, 19 Similar research in which metrics from specific platforms (Mendeley, ResearchGate, Twitter, CiteULike) are compared with traditional sources of bibliometrics (generally Scopus or Web of Science) to establish the presence or absence of correlation between traditional bibliometrics and altmetrics are being performed systematically. 11, 12, 16, [19] [20] [21] [22] [23] The Life Sciences post publication peer review site F1000 has been shown to have strong correlations between citations and F1000 article rankings in a cluster of studies. 18 Generally there is little correlation between cited references and altmetrics. 18, 24 This can partially be explained due to the variety of motivations that individuals have for discussing a scientific publication on the social web. While some individuals will be engaging in scholarly communication, some comments will be humorous and some will be for personal research or interest that has nothing to do with science but that nevertheless catches interest and prompts social sharing. 18 This in turn means that some percentage of the tweets or upvotes or mentions that a scholarly product receives will always be off topic from the scholarly conversation, and will in turn skew the correlation between cited references and the altmetrics.
Many faculty seek assurances of quality from both social media tools and altmetrics and many are discouraged from using these tools due to the absence of formal peer review. 4 Barnes has identified major problems with the analysis done on many studies of altmetrics. Her paper highlights that many studies have problems with reporting the size of the correlations of statistical significance, misuse Pearson's correlation coefficient in the statistical analysis, exclude articles that have no mentions on the social web from their samples, thereby increasing correlations, and compare altmetrics with citations based upon an inference that altmetrics will predict citations (when that inference is in doubt). 18 Additionally attribution is a major concern. Sharing findings online without a way of permanently attaching authorship to those findings (i.e. traceability in software sharing or provenance in other types of information sharing) is a source of delayed acceptance for online social media tools and altmetrics. 4 
Strategically Designing an Online Presence for Research Impact -An Outreach to Faculty
The use of altmetrics as an outreach to faculty members is emerging in the literature. Galligan was among the first to identify a scholarly communication outreach possibility for librarians by highlighting the idea of assisting faculty members to demonstrate research value through a deliberate strategy of scholarly communication. 14 Barbaro, Gentili and Rebuffi perceived the primary library roles as educating faculty about the latest altmetric tools to emerge and encouraging experiments in new uses of those tools. 25 Galloway, Pease and Rauh suggested outreach to faculty using altmetrics in their article comparing traditional scholarly metrics and altmetrics. 26 Adams and Bullard went a step further and created a short course in Social Media enabled scientific communication for conservation biologists that included altmetrics. 27 This course provided basic information on existing altmetric tools at the time the course was offered as well as collaboration tools and open access scholarly communication. However, the course did not identify which tools would maximize impact using altmetrics.
Moving beyond these existing ideas, academic librarians are in the position to tailor the message about these emerging altmetric tools in the best way to be meaningful to their disciplinary faculty members. 28, 29 This requires both an understanding of the faculty members, the discipline as a whole as well as the tools that are available. Packaging a social networking profile with altmetric functions for the purpose of raising professional profile or supporting a promotion and tenure case may prove to be a compelling use case. 30 Similarly, identifying altmetric functions that increase the efficiency of faculty in teaching roles or enable faculty to more efficiently identify emerging trends in a research discipline could be a valued added service that is currently buried in the data within altmetrics. 31 Similarly, helping faculty to recognize the potential of altmetrics for identifying interdisciplinary research partners based on interests that overlap is a value added service, particularly in an era where interdisciplinary research is prized by funding agencies. 13 For these reasons and more, a strategically designed altmetric outreach to faculty represents a new, potentially valuable service. But what does that service actually look like?
Faculty and universities are looking for the largest demonstrable impact on the web to get the word out about the scholarly research that they have performed. 32 Therefore as librarians, liaisons have a unique opportunity to help faculty to tailor their energy and time usage based upon their personal goals. This outreach in strategically designing an online presence for research impact gives librarians the opportunity to have an in-depth discussion with faculty members regarding their research dissemination goals. Librarians can then provide advice upon the dissemination routes that have corresponding altmetrics that can demonstrate the impact of the faculty members' alternative scholarly communication efforts.
The current landscape of Altmetric tools
The first step to the development of this outreach for librarians is to become very familiar with the currently available tools and their corresponding metrics. This article contains a list of altmetric tools current as of March 2016 in Table 1 . Additionally, a full comparison chart of the capabilities of the available tools is available. 33 However, the altmetric market is a rapidly changing one and this print article you are reading will be out of date within one -two years of publication (at a conservative estimate). As the author was writing this article, three separate altmetric services that had existed within the last three years but were no longer supported were identified on library websites being advertised as available. These services were ScienceCard, Crowdometer, and ReaderMeter. All were developed and disappeared since 2012. This just goes to show the rapidly changing nature of the altmetric tool market and the need for liaisons to stay aware of the altmetric tools available at the time of the liaisons' altmetric outreach.
Due to the shifting altmetric landscape, some of the best places to find information on current altmetrics tools include Twitter, Figshare and Mendeley, social media platforms that feature altmetrics integration. Blog posts frequently bring new altmetric features and tools to the public. This is one area where traditional journal articles, while valuable, are demonstrably slow.
If a liaison does want to keep up on the latest academic research in altmetrics, the journal Scientometrics is consistently publishing the highest quality scholarly content testing the validity of emerging altmetric tools. Mike Thelwall and his research lab 11, 12, 16, 20 as well as several other small research groups that are carrying out systematic critical analysis of altmetric tools in comparison with traditional bibliometrics are consistently publishing their findings in Scientometrics. It's a worthy addition to liaisons' current awareness protocol.
Selecting online scholarly communication venues
The next step is helping faculty members to identify their own rationale for using alternative scholarly communication venues. Figure 1 below shows an example handout that a librarian may consider using to assist a faculty member to think through their research dissemination goals. It is important that the faculty member articulate what scholarly products will be disseminated through the web environment and will therefore be the subject of the impact measure.
14 Many times the altmetric tools produce subjective measurements that will need to be interpreted in light of the product the faculty member wishes to disseminate.
The faculty member needs to be clear on the rationale for each choice made in this process. The consulting process is therefore about educating the faculty member to the point where they can make an educated decision in their own right about the dissemination channel and the altmetric measuring the impact of the scholarly product. Figure 1 "Determining your research dissemination channels" was developed to facilitate the faculty members reasoning process regarding scholarly communication distribution channels. It highlights the need for the faculty member to consider multiple constraints when selecting an online communication vector. For instance, if the faculty member has only a few months to tenure, demonstrating impact will require proactive dissemination of links to scholarly products through venues where their colleagues are likely to see and comment on those products in the short period remaining prior to the submission of the tenure dossier. This may well require a scan of multiple online platforms to determine where impactful researchers in the disciplinary field have online profiles or are active participants. While it may seem that Twitter is an obvious solution in this situation (given the very quick dispersion of a message that it can have, plus the ease of measurement through Altmetric) if the colleagues of the faculty member are not on Twitter, it would be a waste of time and energy to publicize research there. On the other hand, were the faculty member actively seeking out interdisciplinary collaborators, Twitter may be a very reasonable vector of communication. 
Matching social media channels to altmetric tools
Matching the dissemination goal of the faculty member with a channel that has an altmetric is challenging because of the variety of channels available. This step requires the librarian to think through the implications of the needs of the faculty member, as well as the pros and cons of the available tools to make a recommendation. Different existing altmetric tools provide analytical measures on differing communication tools.
In Table 1 below the tools are shown along with the related communication channels. Subscription tools are marked with an * An extended table containing the altmetric tools, social media tools captured, target audiences, factors contributing to metric calculations, known validity studies, some suggested ideas for when or how to use the tools in outreach and associated references has been developed in conjunction with this article but is not suitable for a print publication. It is housed at Purdue EPubs and is freely available for download. Additionally, this may be a good point to discuss the metrics that are associated with depositing in your institutional repository. Discussing article level metrics available through a locally based repository provides researchers with another possible venue to host items instead of hosting items on their own website or webpages or placing items in a disciplinary repository that isn't a great fit for the type of material or the intended audience. For institutions with a subscription to Plum Analytics (a service that provides altmetrics for institutional repositories), this is a natural segue into the benefits of hosting materials in an IR. By hosting the materials locally, researchers can use the permanent address for their item to focus on "boosting the signal" of their work in their chosen alternative communication mode.
Regarding time period to impact, if a faculty member has years to prepare for a tenure or promotion case, they have time to build impact with both altmetrics and traditional citation metrics, which is a complete picture of impact with the existing article level metrics, journal level metrics, and alternative metrics. If a faculty member is trying to demonstrate impact in the shorter term, alternative metrics provide an imperfect metric at a shorter time scale. Professors should be aware of the tradeoffs in terms of the validity versus availability for the various metrics that have been developed.
A case study in alternative scholarly communication outreach
This case study was the author's initial foray into a scholarly communication and altmetric outreach. A faculty member created educational materials targeted to K-12 teachers and wanted to get those materials to that audience. The faculty member started the discussion with the author regarding whether it was worth the faculty members' time to start a blog. Blogs are standalone and require constant creation of material, plus additional signal boosting on other social media such as Twitter to aid people to find the page in order to become successful. The author explained this to the faculty member. The faculty member understood that, did not feel that she had adequate time to allot to the blog, and requested additional ideas.
Following the guidelines above, the discussion began with a discussion of audience. The faculty member had a clearly defined audience in mind. She wanted to reach K-12 teachers with her educational materials. The educational materials were short brochures highlighting the results of engineering education research that could be implemented within the K-12 classroom.
The type of information and the format of the material was such that it could be housed in several places, including the university libraries' document repository, appropriate disciplinary repositories, and the faculty member's own website. Based upon the author's knowledge of the disciplinary repositories and available resources at the institution, the author described each of the options to the faculty member. After discussion of the merits of each option, an online repository (MERLOT) was selected to list the educational materials, which provided an online location that could be accessed by K-12 teachers. This repository is widely known as a location for educational materials and would lend itself to serendipitous discovery of the faculty's materials by K-12 teachers. The university repository was selected to house the materials, which would provide the materials a DOI, an important factor for later altmetric tool selection.
The faculty member and author then strategized appropriate distribution channels that will reach K-12 teachers, while bearing in mind ways to measure impact via altmetrics. One factor in selecting the distribution channel was the matter of timing. The faculty member wished to create an ongoing outreach but particularly wished to focus on the summer months, when K-12 teachers have some time to reflectively consider pedagogical practices. Because time was not a limiting factor, but ongoing relationships were a factor in the strategy, it was clear that a social networking site would have assets that a site such as a microblogging site such as Twitter would not have.
Ultimately, it was determined that LinkedIn would be the best social network to publicize the availability of the tools due to the presence of large K-12 professional networks. LinkedIn is monitored by AltMetric and Kudos, so the altmetric tools available were identified at the same time as the dissemination plan was developed. The faculty member was signed up for a Kudos account, and was shown the altMetric badge. The altmetric badge works for the university repository because individual deposits are assigned a DOI. Therefore, the faculty member had multiple altmetric tools to monitor the impact of the educational materials she was marketing via LinkedIn to the K-12 networks.
With a plan in mind, the faculty member was able to focus on crafting short messages for LinkedIn to catch the eyes of K-12 faculty members and direct them to either MERLOT or the university repository. If someone were to access the files through either place, those downloads would be monitored through Kudos or AltMetric.
Helping faculty think through possible downsides of altmetrics Faculty members need to be aware that there are critical considerations regarding the use of altmetrics and academic librarians can help them to understand the implications. The fluid nature of social media and the Internet, the rapid turnover of apps and tools, and the rise to prominence and decline in popularity of tools mean that altmetrics don't have a specific, continuous definition (as compared to impact factor, for example, which has an unchanging algorithm.) This changing landscape may present the appearance of inconsistency over the lifespan of a 10-12 year promotion case from assistant to full professor, as different altmetric tools will present the most accurate picture of a disciplinary faculty members' social media influence at different times during that promotion period. 28 The data that makes up altmetrics can also be manipulated and is manipulated by companies and political candidates on a daily basis. There are companies whose work is to manipulate the appearance of influence of companies or individuals on a variety of social networks. Faculty members should be aware that the data that these numbers are based upon are not fixed in stone and could be unethically inflated or deflated. 1, 13 Faculty members of under-represented minority backgrounds and who are female should be aware that engagement in social media can bring unwarranted harassment simply because they presented their opinion in an unregulated public space. While most of the faculty members will be aware of this, recognizing that there is a conservative road to promotion and tenure that focuses solely on traditional scholarly publication and that protects the professor in some ways from harassment may be a valid conversation to have with all faculty members. 34 It may also be valid to have a conversation regarding who the likely audiences are on different platforms. Twitter for instance, skews young and urban while Mendeley skews academic. 19, 35 Depending upon the desired outcome for the professor's research, a specific platform may be a wiser venue for alternative scholarly communication, which will in turn drive the disciplinary professor to select a different altmetric.
Finally, faculty may not have considered the availability of their publications to the audiences that they are seeking to reach through alternative scholarly communications. This outreach presents the opportunity to discuss the problems of publications locked behind paywalls by traditional journals. Discussing open access or publication through alternative licenses in traditional journals (an open access license that makes the article available after a short embargo, for example) will help faculty to make their work available while they are promoting the work in these alternative venues.
Conclusion
Tenure track faculty can strategically build an online presence using available altmetric tools to their advantage. By considering factors of audience, type of information being disseminated and desired time to impact, librarians can assist faculty to think critically through the development of a plan that is most likely to serve the professors' alternative scholarly communication goals well. Simultaneously, librarians can point faculty member in ways that are most likely to preserve the scholarly record and perhaps educate faculty about open access practices.
